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SUMMARY

The design requirements for airplense tall surfaces
that would make recoveries from spins satisfactory have
been investigated in an analysis of the characteristics’
of models of approximately 100 militery alrplanes.  In
the analysis, the relative distrlbution of mass alaong thé
wings and fuselage and the relative density of the air-
plane were considered as well as the design of the
vertical surfaces. ' o

A chart 1s presented that shows an empirical relation-
ship between & tall-damping power factor and the relative
density and mass distribution for satisfactory spin
recovery. A formula for computing the tall-damping power
factor is also gliven.

It was con¢luded that, 1f a dgsigner provided a tall-
damping vower factor of 600 x 10-0 for airplanes for which
the relative density &t the spin altitude was not greater
then 20, the probability that the airplans would have
satisfactory recovery characterigtics over a wlde range

of mass distribution by reversal:of rudder and elevator
would be very great. For larger values of relsative
density, larger values of tail-damping power fdactor would ™
be required.

INTRODUCTION

The need for & relisble design requirement for &air-
plane tail surfaces that will enable a designer to incor-
porate satisfactory recovery cliaracterlstics Iinto a new
aeirplane design has long been recognized.” Recent British
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and prevlious American research on-thls sublect are pre-
sented in references 1 and 2, respectively. The previous
American ‘eritorion indicated that a tail-damping power
factor of 150 X 10-6 wus a minimum requiremsnt for
obtaining satisfactory recovery characteristics by rudder
reversal. Spin-tunnel data accumulated since the publica-
tion of reference 2 have shown that this requirement is
inadequate inasmuch as the effectiveness of reversal of
the rudder 1n producing recovery 1s dependent not—only
upon the tail-damping power factor but also upon the rela-
tive mass :iistribution and relative denslity ot the air-
plane. Results obtalned in reference % have 1ndicated
thet, as the relative mass - -dlstribution along the wings
of~the airplane 1s increased, the effectiveness of the
rudder as a spin-recovery device decreases, whereas thatb
of the elevator increases. Also, it has been shown Iin
reference L that, as the relative denslty of the airplane
becomes greater, the affectiveness of tke controls in
producing recovery may he greatly decreased. In the
present lnvestligation the relative distribution of mass
along the wings and fuseluge of an airplune and the -
relative density of the airplane are conasidered as well
as the design of the rudder (tail-demping power factor].
The spin-recovery design requirements hereln presented.
are empirical and are based on reéesults ol tests of models
in the Langley 15-foot und 20-foot Freé-3plnning tunnels
of approximately 100 alrplane desligns. The models were
tested with various tail modifications . and mass changes
and the results of these tests are &lso included.

SYMBOLS
a " angle of attack, degrees E
p . air density at equivalent test altitude, slug

.per cuble foot

»n

S wing area, square feet . L

wing span, feet
m - e "mass; slugs

Ix, Iy . momenté Qf inertie about X and Y airplane axes,
respectively, slug-feetl
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oo ) relative density of alrplane at equivalent test
altitude (m/pr) .
Ix - TY . T _ o
. Inertia yawing-moment parameter |
mb2 | . . R - -
TDPF taill-damping power factor )
TDR tall-demping ratio

METHODS

The enalysis was made by plotting the  -tail-demoing
power factor used in reference 2 as a function of inertis
yawing-moment parameter for the various mass distributions
for each model considered. Jifferent  symbols were émployed
to :show whether the recovery charactéristics were satis-
factory or unsatisfactory whén the recovery was attempted
by rudder reverssal alone or by simultansous reversal of
the rudder and elevater from steady spins for which the
rudder was 1nltidlly set full with the apin, the elevator
was full up, and:'the allerdons were ‘neutral (norunal-sninning
control configuration). Plots were made for three relative-
density renges. Lines were drawn on thHe plots that
sevarate the regicns for which recoveries were satisfac-
tory from those for which recoveries were unsatisfactory.

The recovery data used were obtalned from routine
tests made 1n the Lungley 15-foet and 20-foot free-spinning
tunnels. The methods for maeking these tests are described
in reference 5. The data herein ineludé information for
monoplane and biplend, landpldne ahd seaplané, and single-
engine and multiengine alrplans- designs.' The data apply
only to the models in the so-called clean -dondition, that
is, with fleps up and landing gear retracted. 8Some of
the older models had fixed landing zear. Results obtalined
by reversal of the rudder &alone sre plotted because the
rudder has long been recognized &as a primary control for
recovery.: Results obtained by reversal of the elevator
in conjunction with the rudder sre plotted because recent
~experlience has indicated that as the' rudder loses effec-
tiveness as a primary control _or recovery the elevator
gains effectiveness. .- -
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The models were separated. into those. that exhibited
satisfactory characteristlics  and those that exhibited
unsatisfactory characteristics in recovering from estab-
lished spins. The recovery characteristics were con-
sidered satisfactory if the model recovered in 2 turns
or less from the spin when the model was in the normel-
spinning control configuration and if small deviations
from this control configuration did not cause recovery. .

to exzeed Zl turns. This criterion for recovery has

recently been in use for military airplanes at the Langley
free-spinning tunnels. The results for the tests with
simultaneous reversal of rudder and elevator may be some-
what conservative inasmuch as analysis of spin-tunnel
results has indicated that recovery may be more rapid
when .full-rudder reversal precedes elevator reversal

by 1/2 to 1 turn. : :

The tail damping nower factor was computed by—the
method indicated in figure 1. Thlis method 1s: the same .
as  that used.in reference 2 and was applied to all models
except those having partial-length rudders and values of.
tallsdamping ratio (alsc shown in fig. 1) in excess - -
of 0.019. Analysis of spin-tunnel data has indicated
thet such models usually spin steeply and that recoveries
are usually rapid even though the values of tuil-damping
power factor for these models, computed by assuming an. .
angle of attack of L5° (reference 2), are relatively low.
It was determined that, for models with partial-length
rudder and tail-damving ratios (TDR) equal to or greater
than 0.019, the angle of—the relative wind in the tunnel
was' nearer. 309 "than 1;5°. The use.of an angle, of attack
of 30° for the computation of the tail-damping power
factor led to-more consistent results for thease cases
than the use of an angle of attack of L5° and was used
in this study. For models fitted with antispin fillets,
the tall-dampling power factor was computed by—considering
the fuselage area below the flllets as effective in
damping rotation. The unshielded rudder ares was, how-.
sver, considered unchanged by the fillet.

The relative denslty and the lnertla yawing-moment
parameter were computed from the actual test conditions
for particular model tests. The conditions generally
bracketed the mass conditions specified by the manu-
facturer for the airplane represented. The inertia
yawlng-moment naraemeter is an index of the relative mass
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distribution along the wings and fuvselage of the air-
plane. The modéls were separated -lnto "the '‘groups : . -
according tao the value of the relative denslty and the
data for each group were plotted Separately. Models for
which the values of u were 15 or less were placed in

nne group; models for which the values of |1 were greater

than 15 and as much as 20 were.'placed in andgther group;
and models for which the values of - u ~ were greater
thaen 20 were placed in the third group. - " .. _ .. ._

The reglons of satisfactory and unsatisfactory
recoverlies were separated by two lines, one for -récoveries
by rudder reversal alone and the other for recaveries by
simultaneous reversasl of rudder and elevator.:  The lines,
in genersal, were drawn sbove the highest value of tail-
damping power factor that gave unsatisfactory recovery or
below the lowest value that gave satlsfactory recovery,
depending upon which procedure led to the more conserva-
tive nlot.

RESULTS AND DISCUSSION

The results '6f the present study are plotted in
figures '2 to L for variocus ranges of relative density.
A composite.curve 1s presented in figure 5. The spin-
recovery design requirements are based on the primary
factors of tall design and mass distribution. -Other
factors (such as wing design) undoubtedly influence
recovery chearacteristics and may account in part for some
mixture of the satlsfactory and unsatisfactory points.
shown.

Data for models with relative densities p of 15
or less are plotted in figure 2. For values of inertia
yawing-moment parameter of appraximstely -100 x 10~4 or
more in a negative direction, & value of tail- -demping
power factor of 250 x 10~6 is indicated as the minimum
value that would offer a reasongble probability of satis-
factory recovery by rudder reverssal alone. PFar these
values of the 1nertis yawing-moment perameter, the model
1s conslidered to be loaded chlefly along the fuselage
(reference 3). The minimum tall-demping power factor for
satisfactory recovery by rudder rsversal alone is higher
than that indicated in reference 2 and may be explained
by previous lack of data hetween values of tall-damping
power factor of 150 x 10-6 and 250 x 10-6. For negative
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values of inertia yawing-moment parameter smaller .

than -100 x 10~4, which are obtained when the mass 1s
increased along the wings or decreased along the fuselage,
the tall-damping power factor regqulred faor rudder reversal .
alone increased very rapidly. A value of tall-damping
power factor of approximately 1500 x 10-0 was required

for satisfactory recovery by full.rudder reversal alone
when the inertia yawing-moment parameter was zero. For
negetive values of the, inertia yawlng-moment parameter
smaller than -70 x 10™4 (approx.), the recoveries by
simultaneous reversal of the rudder and elevator were
tsually more rapid@ than those by rudler reversal alone

and, consequently, the tall-damping vower factor required
for simultaneous reversal of rudder and elevator was less
than for rudder alone. For pvositive values of the inertla
yawing-monent varameter, satlisfactory recoveries were
obtained by the simultaneous reversal of the rudder and
elevator even when the. value of the tall-damping power
factor was less than 100 X 10-6. This result 1s consistent
with the results of reference 3%, which indicated that for
large spanwlse loadings the .elevator may become the primary -
control for recovery. :

De.ta for models with relative :densities greater
than 15 and.as much as 20 are presented in figure 3. The
curve indlcates that z value of tall-damping power factor
of at least 100 x 10-6 i1s required to give satisfactory
recovery by full, ranid rudder reversal for negative
values of the inertia yawing-moment parameter of
-100 x 10™% or greater. Fror smaller negatlve values,
the required tail-damping power factor increases sharply.
The curve generally falls above that previously obtained
for the. lower range of relative density. For satiasfactory
recoveries by reversal of rudder followed by elevator
reversal for any given design over a wide range of mass .
distritution, a tail-damping powsr factor of at—least
600 x 10~6 1s apparently necessary. -

In some instances, as shown in figures 2 and 3, the
simultaneous reversal of the rudder and elevator led to
unsatisfactory recoverycharacteristics although the
reversel of the rudder alone led to satisfactory .
recoveries. This result may bé attributed to the shielding
of the rudder and the subsequent loss of effectlveness '
due to the downward movement of- the elevator before the
rudder was completely reversed. These polnts were dis-
_regarded in plotting .the curves inasmuch &s the recommended

[ —— )
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procedure for the use of the controls (full rudder
reversal followed approx. 1/2 turn later by elevator
reversal) would probably have glven satisfactory recovery.

Data for designe with relatlve densitles greater ... ;
than 20 (fig. li) wers rather meésger but, in generdl, indi- -
cate that the required values of tail-damping power factor
were further incregsed with increased relative gensity

up to the maximum value available (35)e- - L u e -

R L -

A composite of the curves 1n figures 2 to h 18 given
for convenlence in figure 5. When these curves are uaed,
particular attention should be ‘given to the!range-.of . .. .
lnertie. yawlng-moment parameter, expected- for theﬁairplane}‘“
In the region of mass distribution verying from wxalues

Iy = Iy -
X E'I from -100 x 10-U4 to 20 x m-h  migher bally

of

m
dempling power factors are required than are . neceeeafy‘dn
elther side of this region. If, in designing -the air-
plare, consicderaticn cen be given to the mass distribution
and this "eritical® region can be avolded, a value of
tail-damping power factor considera.bly iower than .

600 X l()"'6 indicated for relative densities of 207 or less
may be acceptabls.

CONCLUDING REMARKS

From spin-tunnel tests of approximately 100 military-
alirplane models, an enalysis was made to determine a
relisble design requirement for airplane-tail surfaces.
The data presented indlcated that the minimum value of
tail-damping power factor which would offer & reasonable
probability of satisfactory recovery characteristics by
reversal of both rudder and elevator for a wide rangs of

mess distribution would be 600 x 10~ -6 if the relative
density at the spln altitude were not more than 20. For
higher values of relative density, larger values of tail-
camplng power factor would be requilred.

ILangley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautlcs
Lengley Fleld, Va., January 2l, 1946
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(b) Fertisl-langts rudder) ocassumd 4o be 45875 TIR < 0.019.
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airplane R;
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airplans
NATIONAL ADVISORY
Relative ""V COMMITTEE. POR AERCNAUTSCS

(o) Partisl-length rudder; oC assurad to be 20°; TDR >0.019.

Figure 1.~ Method of oomputing tail-danmping power faotor. Tall-damping powsr factor

1s the product of tail-damping retio and unshielded rudder volume coefficient.’
opp o _ME_ , Dl Eele .
s(y/2)? s(y2)
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